Background: Bike-sharing programmes have become popular in a large number of cities in order to facilitate bicycle use. Determining the location of bike sharing stations is vital to success of these programmes. Objectives: In this paper, a case study is applied to the Gaziantep University campus in order to find possible locations of the stations for users (students). The purpose is to minimize the total walking distance. Methods/Approach: Set and maximal covering mathematical models are considered to decide on coverage capability of determined 20 demand points and 20 potential bike stations. Then, the mathematical models of P-center and P-median are used to build possible stations and to allocate demand points to the opened stations. Finally, an undesirable facility location model is used to find the bike stations, which have the maximum distance from demand nodes, and to eliminate them. Results: In computational results, it is clearly seen that the proposed approaches set the potential bike station covering all demand points. They also provide different solutions for the campus planners. Conclusions: The methodology outlined in this study can provide university administrators with a useful insight into locations of stations, and in this way, it contributes significantly to future planning of bike-sharing systems.
Introduction
Public bike-sharing system popularity has significantly increased in recent years. Bicycle sharing services can be useful when bicycles are offered for use short period and single tours. Bicycle station services are located into different areas with racks where bicycles are locked. Users can take a bicycle from any location, travel, and to leave the same station or other stations (Mattson et al., 2017) . The use of bicycles has attracted much more attention in order to reduce using of car. Bike-sharing has developed significantly since its inception in 1965, the first public-use bicycles, with the famous "White Bicycles" system in Amsterdam. It is recommended that approximately 20,000 bicycles were deployed somewhere in the center in order to be used free of charge. Although the proposal was rejected by city council, fifty donated white bikes were distributed by supported for free use around the town. Then, the following initiative about sharing system emerged in La Rochelle, France, in 1993, which offered also a free, but including control system. Other sharing system included 1800 station in approximately every 300 m and more than 20,000 bicycles.
In summarize, bike-sharing system are spared out in more than 600 cities around the world and also it increases significantly every year. China has the most number of bikes in the world and it is following by the France with approximately 45,000 bikes. Detailed lists for the year of 2014 in terms of countries and cities are illustrated in Figure 1 . Bikesharing system has changed according to the city's topography, density, infrastructure, weather, and culture.
Figure 1 Number of bike-share bikes per country and city
Source : Çetinkaya, (2017) In Turkey, traffic is at the top of the most important problems as in all developed or developing countries. People need for easy transportation in Turkey. That's why the use of bicycles has started to be used in many cities of Turkey. Only Istanbul, Kocaeli, Çanakkale, İzmir, Antalya, Konya and Kayseri out of 81 cities launched a bike-sharing system in Turkey (Figure 2 ). In Turkey, even if using the bicycle is a sport activity, there is very small place in our lives. According to Turkish Statistical Institute, individuals have spent their free time distribution of sportive activities to evaluate when examined; they 2.2% of them were riding bicycles. In order to removing this situation and solving the other problems, we need to promote using bicycles. We focused on site selection of bike stations in this study. Because one of the main factors is the position of bike stations and relations with demand in order to achieve the programs. The bike-sharing system can be usually set up to appropriate places by municipalities, private companies or universities.
In the literature, different methods are proposed to overcome the problem of location of stations. As an early work, Lin and Yang (2011) Ghandehari et al. (2013) present a study to find the best locations of bicycle stations through goal programming and multi-criteria decision-making techniques. Dobešová and Hýbner (2015) provide the analysis of optimal solution of the rental station in Olomouc. For location and allocation analyses, network analyst for ArcGIS was used.
As an artificial intelligence and heuristic application, Liu et al. (2015) presented a prediction model which was based on an artificial neural network for station demand and balance prediction in order to maximize station demand and minimizing the number of unbalanced stations. One of the current studies is proposed by Frade and Ribeiro (2015) . An optimization method is proposed in order to develop the bikesharing system with the objectives of maximizing the demand covered and taking the budget restriction. Strategic decisions are combined to locate bike-sharing stations and to define the dimension of the system with operational decisions. The model of the spatial-temporal analysis is developed by Wang et al. (2016) and also the GIS is adopted in order to detect hot spot lacking-bikes and/or lacking-bike racks. In addition, it is applied retail location theory in order to decide prospective locations for rental stations.
One of the studies which consider uncertainty is proposed by Ali-Askari et al. (2017) . They take into consideration a stochastic location-allocation problem, in which bike demand is uncertain, for a capacitated bike-sharing system. They use a sample average approximation method to overcome the uncertainty. Finally, Çetinkaya (2017) aims to determine the location of bike-sharing stations in Gaziantep by using fuzzy AHP and TOPSIS. Although it is one of the first multi-criteria decision-making study about bike station location, lack of mathematical modelling is the main drawback of this study.
There have been many studies which consider bike sharing systems as aforementioned above, there is still a gap to be filled on location and allocation of bike stations mathematically. In view of this, set and maximal covering, P-median, Pcenter and undesirable facility location models which are well-known and common tools are applied to locate and allocate bike stations in Gaziantep University campus. This paper contributes to the literature in several ways: (i) application of three popular location-allocation models hierarchically -to the best knowledge of the authors it is the first application on bike-sharing site selection, (ii) providing a case study which is in a university campus firstly and finally (iii) generating scenario analysis to answer whatif questions about changing the location of bike stations.
Location-Allocation Models
In this sub-section, the location-allocation models are defined.
Set covering problem
Fully connected network is demonstrated by G (N, A), and "N" is the set of nodes while "A" is set of edges between these nodes. "N", "I", "K" consists of nodes, demand points and potential locations respectively. " " is identified as distance between all node pairs within the network. The problem formulation is given as follows (Beasley, 1987) :
The objective function (1) is defined as minimizing the number of stations to be opened. Service from at least one opened station to all demand points within the predetermined time is provided by Restriction (2) . The decision variable is indicated by Restriction (3), and here, is a parameter:
= { 1, if can be reached from to in a predetermined time (∀ ∈ , ∀ ∈ ) 0, otherwise
Maximal covering problem
Although set covering problem is a well-known coverage model, the model doesn't differentiate between large and small demand nodes. To overcome this issue, maximal covering model can be used. The model locates p facilities to maximize the covered demands number. This model distinguishes between small and big and permits some node to be uncovered if the exceeds the number of sites p needed to cover all nodes. In addition to the notation described above, is defined as a new decision variable. With this decision variable, the model is given as follows (Daskin, 2008) :
, ∈ {0, 1} ∀ ∈ , ∀ ∈
The objective function (4) maximizes the number of covered demands where demand at location i is represented by . Restriction (5) shows that p stations are to be located. Restriction (6) ensures link coverage variables and the location, and last one (7) is integrality restriction.
P-median problem
On the network which is described in set covering problem section, transportation costs per unit among all customers defined as and positive demand defined as are considered. The P-median problem seeks to define the number of P candidate facility (bike stations) to be opened, and which customers (students and staff) will be assigned to each facility. The problem formulation is given as follows (Teixeira et 
Restrictions
The objective function (8) is defined as minimizing total costs. Restriction (9) ensures the allocation of demand point to a bike station, while Restriction (10) ensures the assignment of demand points to the opened bike stations. Restriction (11) defines bike stations numbers which should be opened. Last Restriction (12) is the decision variables.
P-center problem
The P-center problem seeks to define P amount candidate bike stations to be opened and which demand points will be assigned to each bike station while minimizing the demand points' longest distance to the bike station. The P-center problem formulation is given as follows (Narula, 1986 
Restrictions Eqs. (9) to (12) A decision variable (MaxL) is added for the linearization of the model. Moreover, the objective function is formulated as = and ≥ 0 and ≥ restrictions are added to the model. Therefore, the objective is to minimize the maximal distance for all demand points (Özceylan et al., 2017b) .
Undesirable facility location model
The facilities can be classified as desirable or undesirable in a general fashion. Whereas desirable facilities should be as close as possible to the users, undesirable facilities should be as far as possible. Undesirable facilities may contain garbage disposal sites, chemical plants, plants for treatment of residual waters, nuclear power stations, airports, etc. (Rodríguez et al. 2006 ). However, in some cases, decision makers want to eliminate the potential locations which are not suitable or not accessible. In other words, decision makers may want to eliminate unsuitable locations. In this situation, minimum distance between the demand node and undesirable node is tried to be maximized. In other words, the maximin objective maximizes the distance between the bike station and the closest demand node to it. The formulation of the undesirable facility location model is as follows (Erkut et al., 1989) :
Restrictions Eqs. (3) and (11) A decision variable ( ) is added for the linearization of the model. Revised version of the model is as follows:
Restrictions Eqs. (3) and (11)
So, the objective function (15) maximizes the minimum distance between bike stations and demand nodes. While Restriction (16) ensures that objective function value ( ) must be equal or less than the distance between demand node and bike station (if it is opened). M value in Restriction (16) is a big number like 10,000.
Study Area
The campus of Gaziantep University is considered as the study area. Gaziantep University is located in Gaziantep with its 1,975,302 population in 2016. University has almost 40,000 population including students, administrative and academic staff on an area with 3,113,084 m2 (Figure 3) . In the study area, 20 demand points and 20 potential bike station sites are determined as point features and campus roads are vectored as line features via geographic information system (GIS) with ESRI ArcGIS 10.2 software. Demand points (departments, dormitory, cafeteria, etc.) are the places where students/personnel are located mostly according to the student population. Potential locations of bikesharing stations are determined by the university administration. The main criteria of administration are proximity to demand points and available for possible infrastructure. Selected demand points and number of the students are given in Table  1 . In this table, number of student column shows the number of demanding students of each stop. In this study, two kinds of GIS data, demand/station points as a point layer and roads as a line layer, are used. Road data is also used as network data set in GIS environment. For this reason, at first, university road map is collected as line data. Then, line-shape road layer is used to generate network between all points. Figure 4 shows the road network of Gaziantep University and demand/station points. Distances between demand points and potential bike stations calculated by GIS are given in Table 2 . Distance values in Table 2 are the real values (not a bird's-eye view) which a user can walk.
Application of Location-Allocation models
In this part, five different location-allocation models called as set covering, maximum covering, P-median, P-center and undesirable facility location models are implemented to the location problem of bike sharing stations in Gaziantep University campus. All run experiments were conducted on a server 1.8 GHz processor with 4 GB of RAM. The problem is solved with the GAMS-CPLEX and the computation time is required less than 10 CPU seconds.
Results of set and maximum covering problems
Universities should optimize station density to create a reliable network. In this way, the coverage area to provide students (users) may park and bike anywhere conveniently and easily in the area. Moreover, with this parameter ideally scales the intervals of stations, so they are within an acceptable walking distance within the coverage area (Croci et al., 2014) . For instance, Paris employed one station each of 300 meters as a guideline for the first stage of its bike-share system, as did New York and London. On the other hand, users can reach a bike station in 250 meters in Mexico City (Cohen et al., 2014) . According to this figure, 300 meters coverage area is primarily considered. Then, the model of set covering is solved with four coverage areas, which the ranges are between 400 and 700 meters. The results are illustrated in Figure 5 .
Figure 5
Results of set covering model with different coverage limits As can be seen from Figure 5 , all demand points are reached by bike stations in all coverage areas. Only opened bike stations are shown in Figure 5 . For instance, while totally 11 bike stations are opened under 300m access distance, this number is reduced to three (stations of 6, 15 and 18) under 700m limit. Due to its location, 18th bike station is the only station which is preferred in all solutions (shown as bold in Table  3) . Table 3 Opened bike stations based on different access limits
Access limit (m)
Stations need to be opened # of stations 300 S2 -S4 -S5 -S6 -S9 -S10 -S13 -S16 -S17 -S18 -S19 11 400
S3 -S5 -S8 -S10 -S14 -S17 -S18 -S19 8 500
S3 -S5 -S8 -S15 -S18 5 600 S3 -S5 -S13 -S14 -S18 5 700 S6 -S15 -S18 3 Source: Authors' work In addition to set covering problem, maximal covering problem is also considered. Using the demand ( ) and distance values ( ), equations (4) to (7) are solved. To make a comparison between set covering problem, the same access limits are used. P values are set as 11, 8, 5, 5 and 3 for each access limit.
Table 4
Results of maximal covering problem based on different access limits Access limit (m) Stations need to be opened P 300 S2 -S3 -S5 -S6 -S9 -S10 -S13 -S16 -S17 -S18 -S19 =11 S2 -S4 -S5 -S6 -S9 -S10 -S11 -S13 -S16 -S17 -S18 ≤11 400 S3 -S5 -S8 -S10 -S14 -S17 -S18 -S19 =8 S3 -S5 -S8 -S10 -S13 -S17 -S18 -S19 ≤8 500 S2 -S5 -S8 -S15 -S18 =5 S2 -S5 -S8 -S15 -S18 ≤5 600 S1 -S5 -S7 -S13 -S18 =5 S5 -S7 -S12 -S15 -S18 ≤5 700 S6 -S15 -S18 =3 S6 -S15 -S18 ≤3 Source: Authors' work
Results of P-median and P-center problems
After showing the effects of coverage areas on potential bike stations, P-median and P-center models are implemented to allocate bike stations to demand points. In this way the total walking distance is minimized. P-median model is performed assuming the demands are different as given in Table 1 .
We implement the P-median model with different p values by setting 1 to 10. The results of P-median problem are given in Table 5 . To make a fair comparison with Pcenter problem, total walked man-distance (objective function of P-median) and MaxL (objective function of P-center) values for each model are provided. Opened Stations S13 S6-S13 S6-S14-S18 S5-S7-S14-S18
S4-S5-S6-S14-S18 
Opened Stations
S4-S5-S6-S13-S15-S18
S4-S5-S6-S11-S13-S15-S18
S2-S5-S6-S7-S11-S13-S15-S18
S2-S5-S6-S7-S10-S11-S13-S15-S18
S2-S5-S6-S7-S10-S11-S12-S13-S15-S18 Source: Authors' work With respect to Table 5 , all problems of P-median are solved with optimally manner. Results in Table 5 indicate that increasing available bike stations number from 1 to 10, decreases the total travelled distance by 78.18%. Another outcome can be seen from Table 5 that 13 th bike station is the closest station to all demand points.
On the other hand, the P-center problem seeks to identify p amount candidate bike stations that is to open, and which demand points will be assigned to each station while minimizing the longest distance to the station. Table 6 offers P-center problem results for different p values. Opened Stations S13 S8-S18 S6-S14-S18
S3-S5-S13-S18 
S4-S5-S8-S13-S17-S18
S4-S5-S6-S10-S13-S17-S18 S2-S4-S5-S6-S10-S12-S17-S18
S2-S4-S5-S6-S10-S11-S13-S17-S18
S2-S4-S5-S6-S10-S11-S13-S17-S18-S19 Source: Authors' work With respect to Table 6 , increasing bike stations numbers to be opened decreases the longest distance between demand points and stations. While the longest distance between 13th bike station (p=1) and demand points is 1,313.50m, it decreases to 302.34m with a 76.98% improvement in the situation of p=10. If two models are compared, it is clear that P-median model provides less walked distance than the results of P-center model in all situations. On the contrary, P-center model ensures less long distance between users and bike station than the longest distance obtained by P-median model.
Undesirable facility location problem
In addition to finding the closest and suitable bike stations which are presented above, undesirable facility location problem is solved using the same data in this sub-section. Although application of undesirable facility location model seems unreasonable, the main reason of this application is to find which bike stations can be eliminated and which are inaccessible. To do so, the mathematical model of undesirable facility location problem is solved for each p value from 1 to 20. Obtained results which shows opened bike stations (undesirable bike stations) and objective function values are given in Table 7 . S1 -S2 -S3 -S4 -S5 -S6 -S7 -S8 -S9 -S10 -S11 -S12 -S13 -S14 -S15 -S16 -S17 -S18 -S19 -S20
27.96
19 S1 -S2 -S3 -S4 -S5 -S6 -S7 -S8 -S9 -S10 -S12 -S13 -S14 -S15 -S16 -S17 -S18 -S19 -S20
44.83
18 S1 -S2 -S3 -S4 -S6 -S7 -S8 -S9 -S10 -S12 -S13 -S14 -S15 -S16 -S17 -S18 -S19 -S20
62.40 17 S1 -S2 -S3 -S6 -S7 -S8 -S9 -S10 -S12 -S13 -S14 -S15 -S16 -S17 -S18 -S19 -S20
68.51 16 S1 -S2 -S3 -S6 -S8 -S9 -S10 -S12 -S13 -S14 -S15 -S16 -S17 -S18 -S19 -S20
77.08 15 S1 -S2 -S3 -S6 -S8 -S9 -S10 -S12 -S13 -S14 -S15 -S16 -S17 -S19 -S20
80.26
14 S1 -S2 -S3 -S6 -S8 -S9 -S10 -S12 -S14 -S15 -S16 -S17 -S19 -S20 87.92 13 S1 -S2 -S3 -S8 -S9 -S10 -S12 -S14 -S15 -S16 -S17 -S19 -S20 97.18 12 S1 -S2 -S3 -S8 -S9 -S10 -S12 -S14 -S15 -S16 -S19 -S20 114.37 11 S1 -S2 -S3 -S8 -S9 -S10 -S12 -S14 -S15 -S16 -S20 115.33 10 S1 -S2 -S3 -S8 -S9 -S10 -S12 -S14 -S16 -S20 116.72 9 S1 -S2 -S3 -S8 -S9 -S10 -S12 -S16 -S20 129.72 8 S1 -S2 -S3 -S8 -S9 -S12 -S16 -S20 130.37 7 S1 -S2 -S3 -S8 -S9 -S16 -S20 137.65 6 S1 -S2 -S3 -S9 -S16 -S20 140.72 5 S1 -S2 -S9 -S16 -S20 142.08 4 S1 -S2 -S16 -S20 179.04 3 S1 -S16 -S20 181.70 2 S1 -S20 514.11 1 S20
582.41
Source: Authors' work
Bold values in Table 7 shows the related bike station which provides the objective function value. For instance, there are three bike stations namely S1, S16 and S20 are opened in the case of p=3. Objective function value is 181.70m for this solution. It means that if bike stations of S1, S6 and S20 are established, a user can reach to S16 in 181.70m in the quickest way. So, if three bike stations are needed, S1, S16 and S20 must not be preferred in real.
Obtained results above might appear as a drawback for the campus planners, which may be search, the site selection that minimizes distance. Nevertheless, this can be an advantageous because it offers to the planner various alternatives to select from. For instance, if administration of campus wants to reach a bike station within approximately 400m, they have several options. According to the set and maximal covering problems, the first option is to open 8 bike stations which are S3, S5, S8, S10, S14, S17, S18 and S19 stations. However, according to P-median problem, the second option is to open 9 bike stations which are S2, S5, S6, S7, S10, S11, S13, S15 and S18 stations. In this case, total travelled distance is 792.77 man-km. According to P-center problem, 7 bike stations which are S4, S5, S6, S10, S13, S17 and S18 are enough for 400m limit as the last option. But at this time, total walked distance is increased to 1167.50 man-km. Finally, according to undesirable facility location model, if all bike stations are opened, a user can reach to S11 with a 27.96m distance in the quickest way. As a result, we preferred to provide different alternative solutions for the campus planners instead of deciding on a solution.
Conclusion
This study is designed to find the required number and optimal locations of the bike stations that need to establish in Gaziantep University campus. To do so, five of the well-known solutions technique in location-allocation problem have been investigated, which are, maximal covering, set covering, P-center, P-median, and undesirable facility location models. The P-median solution appears to be more advantageous in terms of accessibility because it produces a uniform coverage. On the other hand, S20 is the only bike station, which covers all demand points in a maximum manner.
The methodology outlined in this study can ensure university administrators with good insight into where bike-sharing stations should be located, and in this way, it contributes significantly bike-sharing systems for the future planning.
Interaction with public transport services, usage of electric bicycles within a framework of internet of things and the cost of the system should be considered in the future studies.
